This study investigates the relationship between changing gasoline prices and drunk-driving crashes. Specifically, we examine the effects of gasoline prices on drunk-driving crashes in Mississippi by several crash types and demographic groups at the monthly level from 2004 to 2008, a period experiencing great fluctuation in gasoline prices. An exploratory visualization by graphs shows that higher gasoline prices are generally associated with fewer drunk-driving crashes. Higher gasoline prices depress drunkdriving crashes among young and adult drivers, among male and female drivers, and among white and black drivers. Results from negative binomial regression models show that when gas prices are higher, there are fewer drunk-driving crashes, particularly among property-damage-only crashes. When alcohol consumption levels are higher, there are more drunk-driving crashes, particularly fatal and injury crashes. The effects of gasoline prices and alcohol consumption are stronger on drunk-driving crashes than on all crashes. The findings do not vary much across different demographic groups. Overall, gasoline prices have greater effects on less severe crashes and alcohol consumption has greater effects on more severe crashes.
Introduction
In 2008, there were more than 300,000 alcohol-related automobile crashes in the United States (NHTSA, 2009) . While drunk-driving crashes have declined substantially over the past three decades, drunk driving is still a serious problem and the leading cause of deaths on highways (Dang, 2008; NHTSA, 2009) . Alcohol consumption has been found to explain much of the variation in drunk-driving crashes (Berger and Snortum, 1986; Young and Bielinska-Kwapisz, 2006) , but drunk-driving crashes may also be affected by gasoline price changes. Gasoline prices are found to affect automobile crashes negatively in general-higher gasoline prices lead to fewer traffic crashes (e.g., Morrisey, 2004, 2006; Leigh and Geraghty, 2008; Leigh et al., 1991; Wilson et al., 2009) . However, to our best knowledge, no studies have investigated gasoline price effects on drunk-driving crashes. This study attempts to fill the gap in the literature by examining the effects of gasoline prices on drunk-driving crashes.
Gasoline price changes may affect drunk-driving crashes in two possible directions-positive and negative. On one hand, higher gasoline prices may lead to fewer drunk-driving crashes. Such a relationship can come about through four possible paths. First, from the economic perspective, higher gasoline prices reduce purchases of alcohol for consumption, which in turn may reduce drunkdriving frequency and crash likelihood. The relationship between economic conditions (e.g., per capita income and employment rate) and drunk-driving crashes is found to be positive (Ruhm, 1996) . When gasoline prices increase, discretionary expenditures for alcohol consumption may decrease. Consequently, people may consume less alcohol or drink at bars less often. People may also drink at bars or restaurants closer to their homes in order to reduce gasoline usage. Most empirical evidence suggests that alcohol consumption levels tend to be lower during poor economic conditions (e.g., Nelson, 1997; Ruhm, 1995; Ruhm and Black, 2002; Sloan et al., 1995) . Lower alcohol consumption levels, in turn, are linked to fewer drunk-driving crashes (Berger and Snortum, 1986 ) and fatalities (Benson et al., 1999; Dang, 2008; Wilkinson, 1987; Young and Bielinska-Kwapisz, 2006) . Second, rising gasoline prices could cause some drivers to switch from personal vehicle usage to other transportation modes, such as public transportation, carpooling, biking, or walking Phung, 2007, 2008; Haire and Machemehl, 2007) . Third, a large body of literature suggests that higher gasoline prices reduce gasoline consumption and travel demand (see Goodwin et al., 2004 for a summary of the literature), which in turn reduces people's exposure to all types of crashes, including drunk-driving crashes. Fourth, there is some evidence that surging gasoline prices could cause drivers to drive more cautiously, such as driving more slowly and reducing sudden speeding and braking in order to increase fuel economy (Dahl, 1979; U.S. Congressional Budget Office, 2008) . These behaviors then lower drivers' overall crash risk. This causal relationship may also apply to drunk drivers, especially those who are lightly intoxicated.
On the other hand, it is possible that higher gasoline prices will lead to more drunk-driving crashes. Some individual-level studies suggest that individuals consume more alcohol in response to the stress they face during economic hardship. For example, Dee (2001) found elevated rates of binge drinking during periods of high unemployment rates. Others have also found a connection between alcohol consumption and job loss (Catalano et al., 1993; Ettner, 1997) and personal economic strain (Pearlin and Radabaugh, 1976; Peirce et al., 1994) . Higher gasoline prices could contribute to the economic stress of individuals, which in turn leads to an increase in alcohol consumption and alcohol-related crashes.
While both hypotheses about the relationship between changing gasoline prices and drunk-driving crashes seem reasonable, they are also contradictory. Our goal in this research is to test the two alternative hypotheses empirically. Specifically, we examine the effects of gasoline prices on drunk-driving crashes in Mississippi by age, gender, and race from 2004 to 2008. Drunk-driving crashes are partitioned into three types: fatal, injury, and property damage only (PDO) . We also analyze gasoline price effects on all crashes in the same manner for comparison purposes. Most existing alcohol-related studies examine only fatal drunk-driving crashes (Kenkel, 1993) . While fatal drunk-driving crashes evoke a more emotional response, they comprise only a small percentage of drunk-driving crashes. In fact, only 12.6% of all alcohol-related crashes in 2008 in the U.S. were fatal (NHTSA, 2009) . By analyzing fatal, injury, and PDO drunk-driving crashes separately, we are able to gain a more comprehensive understanding of the relationship between gasoline prices and alcohol-related crashes. In the following sections, we first introduce our data and methodology, and then we report our findings on the relationship between gasoline prices and the three types of drunk-driving crashes by age, gender, and race.
Data and methods

Data
The data used for this study include information on drunkdriving crashes and all crashes (both by fatal, injury, and PDO categories) as well as monthly per-gallon gasoline prices. We also obtained data on the crashes that allowed for analysis of crashes per vehicle miles traveled, crashes per capita, and the age, gender, and race of each driver involved. Drunk-driving crashes could also be affected by several other factors. As such, we included several such variables as controls in our analysis of the relationship between gasoline prices and drunk-driving crashes. These control variables are alcohol consumption, unemployment rate, and seat belt usage. Drunk-driving crashes could also be affected by other variables, including driving behaviors, vehicle characteristics, road conditions, and weather (Fu, 2008) . However, our data reflect drunk-driving crashes in Mississippi at the monthly level, and these other factors cannot be easily aggregated to the state level and presumably have much less explanatory effect on traffic safety than at the individual level. Therefore, these factors are not used in this study.
Drunk-driving crashes
Researchers examining factors that influence vehicle crashes generally use crash rates generated from data provided by the Fatal Accident Reporting System of the National Highway Traffic Safety Administration (e.g., Grabowski and Morrisey, 2004; Leigh et al., 1991; Wilson et al., 2009) . These data enumerate all of the fatal crashes in the U.S. but do not contain information on injury and PDO crashes. As described previously, the majority of drunkdriving crashes are nonfatal, so using data for only fatal crashes cannot provide adequate analysis of the effects of gasoline prices on drunk-driving crashes of all types.
This study uses data enumerating fatal, injury, and PDO drunkdriving crashes to analyze the effects of gasoline prices. The Mississippi Highway Patrol (MHP) provided data on the three types of drunk-driving crashes in Mississippi at the monthly level from April 2004 to December 2008, which was a period of great fluctuation in gasoline prices. However, the data were only available for 57 months; this small number of observations could substantially limit the statistical results. A crash was considered a drunk-driving crash if at least one of the drivers was determined to have a blood alcohol content (BAC) of 0.08 g/dl or higher (Robertson et al., 2009 ). For each drunk-driving crash, the MHP data included the crash type as well as the age, gender, and race of each driver, which allowed us to examine gasoline price effects on drunk-driving crashes by these different crash types and different demographic groups. We also combined crash data with transportation data from the Mississippi Department of Transportation to calculate crashes per vehicle miles traveled (VMT) and with annual population estimations from the U.S. Bureau of the Census to calculate crashes per capita.
In Mississippi, the only crashes that are not mandated to be reported are PDO crashes with property losses less than $500. All fatal, injury, and alcohol-related crashes are required to be reported regardless of the property loss involved. However, it is known that police reports of drunk-driving conditions are not always accurate, and minor crashes are often not reported to police (Kim et al., 1995) . In addition, about 2% of law enforcement agencies in Mississippi did not report crashes electronically in the studied period and thus their crashes are not included in the data analysis (personal communication with Captain Randy Ginn, Mississippi Highway Patrol, June 21, 2010). As we focused on crash counts rather than crash rates in this study, the impacts of under-reporting should not be serious (Kim et al., 1995) .
Gasoline prices
We obtained monthly per-gallon prices for regular-grade unleaded gasoline from the U.S. Department of Energy's Energy Information Administration (EIA) for the period [2004] [2005] [2006] [2007] [2008] . Because the EIA does not provide gasoline prices at the state level, we approximated Mississippi prices using average prices from states in the Gulf Coast region. Gasoline prices are adjusted for inflation (in January 2009 dollars) and are used as the primary explanatory variable.
Alcohol consumption
Alcohol consumption has direct effects on drunk-driving crashes (Benson et al., 1999; Berger and Snortum, 1986; Dang, 2008; Wilkinson, 1987; Young and Bielinska-Kwapisz, 2006) . Because safe-driving capabilities are impaired by alcohol consumption, drunk-driving crashes generally rise with per capita alcohol consumption. Alcohol consumption is often measured using the driver's BAC level in existing drunk-driving studies (Mayhew et al., 2003; Roudsari et al., 2009; Schwilke et al., 2006) . Alcohol consumption is also measured using alcohol consumption (in gallons)
per capita in studies of gasoline prices and traffic safety (Leigh et al., 1991; Noland, 2005) . As this study is conducted at the aggregated level, we could not use each individual driver's BAC level. Thus, we used annual alcohol consumption per capita measure provided by the Beer Institute (2009). This measure reflects the amount (in gallons) of alcohol per capita shipped to wholesalers in Mississippi each year. This annual measure does not provide an accurate estimate of alcohol consumption at the monthly level, however, which is a weakness of this study.
Unemployment rate
Economic conditions have also been found to affect individuals' consumption of both gasoline and alcohol which, in turn, may affect drunk-driving crashes. To control for the effect of economic conditions on drunk-driving crashes, we included monthly unemployment rates obtained from the U.S. Bureau of Labor Statistics (2009).
Seat belt usage
Seat belt usage has been shown to influence traffic crashes. Most studies support the hypothesis that seat belt usage lowers traffic fatality rates, but some research shows that drivers react to wearing a seat belt by increasing risky driving behaviors (Evan and Graham, 1991) . In most studies, seat belt usage is usually represented as a simple dummy variable indicating whether or not a seat belt law is in effect in a particular area or time (e.g., Grabowski and Morrisey, 2004) . This type of measure may not truly reflect seat belt usage, as compliance with the law may still vary even when a seat belt law is in effect. Therefore, to better measure actual seat belt usage, we use data from an annual roadside survey of Mississippi drivers conducted by the Social Science Research Center of Mississippi State University, who had prepared it for the Mississippi Department of Public Safety. The values in this measure reflect the percentage of drivers who were wearing their seat belts at the time of the survey.
Methods
In this study, we first visualize the relationships between gasoline price changes and total drunk-driving crashes as well as crashes by age (15-23 and 24+ years old), gender (male and female), and race (white and black). 1 We then investigate gasoline price effects on drunk-driving crashes in regression analyses. We also examine the effects on all crashes for comparison purposes. In total, there are 56 crash measures: 28 for drunk-driving crashes and 28 for all crashes. Each set is composed of all crash types (fatal, injury, PDO, and total) by all demographic groups (young, adult, male, female, white, black, and total). The exhaustive list of crash measures is meant to help provide a comprehensive understanding of gasoline price effects on drunk-driving crashes. Each crash measure is modeled as a function of gasoline prices, alcohol consumption, unemployment rate, and seat belt usage.
Poisson distribution and negative binomial distribution are often used to describe crash counts (Long, 1997) . The negative binomial distribution is more appropriate if the data are over-dispersed. Our analysis suggests that 52 of the 56 crash measures exhibit overdispersion. Thus, negative binomial regression models are used for all crash measures, which makes the comparison of model results easier. In addition, populations of young, adult, male, female, white, black, and total residents are used as exposure variables in corresponding regression models.
Results
Gasoline prices and total drunk-driving crashes
In Fig. 1 , we illustrate the relationship between gasoline prices and total drunk-driving crash counts, total drunk-driving crashes per million VMT, and total drunk-driving crashes per capita. It appears that there is a negative relationship between gasoline prices and total drunk-driving crash counts as well as crashes per VMT and per capita throughout the 57 months of this study. For each spike in gasoline prices, there is a concurrent (or nearly concurrent) dip in drunk-driving crashes. Notice that the three measures of crashes follow very similar patterns and that there is a large amount of overlay between them. Note that because the VMT estimates do not include variations by age, gender, and race, we focus on crash counts as dependent variables and population as exposure variables for the rest of the analysis.
After visualizing the relationships between gasoline prices and drunk-driving crashes, we examine the effects of gasoline prices on total drunk-driving crashes at the monthly level using the negative binomial regression model (see Appendix A for the results of the analysis). Table 1 presents the elasticities of crashes per capita with respect to gasoline prices and alcohol consumption. The elasticities are calculated using the studied period's averages of $2.60 for gasoline prices and 27.18 gal for alcohol consumption. In total, we find that gasoline prices have negative effects on drunkdriving crashes-higher gasoline prices lead to fewer drunk-driving crashes. In contrast, alcohol consumption has positive effects on drunk-driving crashes-higher alcohol consumption leads to more drunk-driving crashes. The total drunk-driving crashes are then partitioned into fatal, injury, and PDO crashes. The results show that gasoline prices have effects on reducing only PDO drunk-driving crashes. Alcohol consumption has effects on increasing only fatal and injury drunk-driving crashes; the effects are stronger on fatal crashes than on injury crashes. Notes: Only statistically significant (p ≤ 0.10) elasticities are presented. The elasticities are calculated using the studied period's averages of $2.60 for gasoline prices and 27.18 gal for alcohol consumption.
We also examine the effects of gasoline prices on all crashes using the same three crash types for comparison purposes. Gasoline prices have no effects on reducing total crashes but negative effects on PDO crashes. In contrast, alcohol consumption has effects on all crash types: fatal crashes, injury crashes, PDO crashes, and total crashes. The effects decrease as the crash severity decreases: the effects are stronger on fatal crashes than on injury crashes and stronger on injury crashes than on PDO crashes.
Comparison of the corresponding elasticities between drunkdriving crashes and all crashes indicates that the effects of gasoline prices and alcohol consumption on the former are generally stronger than on the latter. Gasoline prices have stronger effects on drunk-driving PDO crashes than on all PDO crashes. Alcohol consumption has stronger effects on fatal drunk-driving crashes than on all fatal crashes and stronger effects on injury drunkdriving crashes than on all injury crashes. The only exception is alcohol consumption's effects on total drunk-driving crashes and all crashes, in which the former is less; this is possibly due to the fact that alcohol consumption has no significant effects on drunk-driving PDO crashes but does for all PDO crashes. These results are based on totals for drunk-driving crashes and all crashes. There may exist variations by age, gender, and race. Therefore, in the following subsections we further examine the effects of gasoline prices and alcohol consumption on drunk-driving crashes and all crashes by these demographic groups.
Variations by age
The relationship between gasoline prices and drunk-driving crashes by age is illustrated in Fig. 2 . Drunk-driving crashes are separated into two groups: crashes involving young drivers (ages 15-23) and crashes involving adult drivers (age 24 and over). For each spike in gasoline prices, there is generally a concurrent (or nearly concurrent) dip in drunk-driving crashes of young and adult drivers. For each dip in gasoline prices, there is generally a concurrent rise in drunk-driving crashes of young and adult drivers. This pattern is more apparent in Next we examine the effects of gasoline prices on drunk-driving crashes and all crashes of young and adult drivers separately (see Appendix B). For young drivers, higher gasoline prices lead to fewer total drunk-driving crashes, and higher alcohol consumption leads to higher total drunk-driving crashes. However, neither gasoline prices nor alcohol consumption have significant effects by crash type: fatal, injury, and PDO drunk-driving crashes. Gasoline prices have effects on reducing all crashes for young drivers and alcohol consumption has effects on increasing all crashes for young drivers. Although the pattern is similar to that of the effects on total drunkdriving crashes, the effects on all crashes are weaker than those on drunk-driving crashes. In addition, gasoline prices have effects on reducing all PDO crashes. Alcohol consumption has effects on increasing fatal crashes, injury crashes, and PDO crashes, and the effects decrease as the crash severity decreases.
For adult drivers, the findings are similar to those for total drivers. First, gasoline prices have negative effects on drunk-driving crashes and all crashes; alcohol consumption has positive effects on both. The effects on drunk-driving crashes are stronger than on all crashes. Second, within each crash type, gasoline prices have effects only on PDO crashes and the effects are stronger on drunk-driving PDO crashes than on all PDO crashes. Alcohol consumption has effects on both fatal and injury crashes, and the effects are stronger on fatal and injury drunk-driving crashes than on all fatal and injury crashes. The effects decrease as the crash severity decreases.
Variations by gender
The relationships between gasoline prices and both male and female drunk-driving crashes are depicted in Fig. 3 . An inverse relationship between gas prices and drunk-driving crashes can be observed for both males and females, especially during the periods in which gas prices rose and fell the most. This pattern is especially strong in the periods of February-September 2006, February-September 2007, and January-November 2008. In addition, the inverse relationship seems to be more pronounced for females. For example, from February-September in 2007 when gasoline prices spiked, there were greater dips for female drunkdriving crashes than for male crashes.
We then examine the effects of gasoline prices on drunk-driving crashes and all crashes by males and females (see Appendix C). For male drivers, gasoline prices do not have effects on reducing total drunk-driving crashes but do have effects on all crashes. Gasoline prices also have effects on PDO drunk-driving crashes and all PDO crashes, and the effects on the former are stronger than on the latter. The effects of alcohol consumption on male drivers are similar to those on adult drivers. Alcohol consumption has positive effects on total drunk-driving crashes and all crashes, with the former effects being stronger. Alcohol consumption has effects on fatal and injury drunk-driving crashes, with the former effects being stronger. Alcohol consumption also has effects on all fatal, injury, and PDO crashes, with decreasing effects as the crash severity decreases.
For females, gasoline price effects are similar to those found for young drivers. Gasoline prices have negative effects on total drunk-driving crashes but not on any specific drunk-driving crash types. Gasoline prices also have negative but weaker effects on all crashes. In addition, gasoline prices have negative effects on all PDO crashes. The effects of alcohol consumption on female drivers are similar to those on male drivers and adult drivers. Alcohol consumption has positive effects on total drunk-driving crashes and all crashes, with stronger effects on the former. Alcohol consumption has effects on fatal and injury drunk-driving crashes, with the former effects being stronger. Alcohol consumption also has effects on all fatal, injury, and PDO crashes, with decreasing effects as the crash severity decreases. Fig. 4 displays the relationship between gasoline prices and drunk-driving crashes for white and black drivers. In general, gasoline prices have negative associations with drunk-driving crashes for both racial groups. This pattern is most obvious from March to October 2006 and from January to November 2008. However, the associations are relatively weak compared to those among age and gender groups.
Variations by race
We next examine the effects of gasoline prices on drunk-driving crashes and all crashes by race (see Appendix D). For white drivers, gasoline prices have similar effects as for adult drivers. Gasoline prices have negative effects on total drunk-driving crashes and all crashes, with stronger effects on the former. Gasoline prices also have effects on drunk-driving PDO crashes and all PDO crashes, again, with the former effects stronger. Gasoline prices do not have effects on fatal and injury crash types. Alcohol consumption's effects on white drivers are similar to those on adult drivers and male drivers. Alcohol consumption has positive effects on total drunk-driving crashes and all crashes, with the former effects being stronger. Alcohol consumption has effects on fatal and injury drunk-driving crashes, with stronger effects on the former. Alcohol consumption also has effects on all fatal, injury, and PDO crashes, with decreasing effects as the crash severity decreases.
For black drivers, the findings are slightly different from the others. Gasoline prices have negative effects on total drunk-driving crashes and all crashes, with the former effects being stronger. Gasoline prices also have negative effects on drunk-driving PDO crashes and all PDO crashes, with the former effects being stronger. However, gasoline prices have effects on drunk-driving injury crashes of black drivers-the only significant effects of gasoline prices on drunk-driving injury crashes. Alcohol consumption effects are stronger on total drunk-driving crashes than on all crashes, stronger on fatal drunk-driving crashes than on all fatal crashes, stronger on drunk-driving injury crashes than on all injury crashes, stronger on fatal types than on injury types, and nonexistent on PDO types.
Conclusions and discussion
Conclusions
A small body of literature suggests that gasoline price changes affect traffic crashes. However, the effects of gasoline price changes on drunk-driving crashes specifically have not been studied. This study attempts to fill this gap in the literature by examining gasoline price effects on drunk-driving crashes by several crash types (fatal, injury, and PDO) and demographic groups (age, gender, and race) at the monthly level from April 2004 to December 2008 in Mississippi. For comparison purposes, we also analyze the effects of gasoline prices and alcohol consumption on all crashes. Our analysis shows that when gasoline prices are higher, there are fewer drunk-driving crashes, particularly among PDO crashes. When alcohol consumption levels are higher, there are more drunkdriving crashes, particularly among fatal and injury crashes. The effects of gasoline prices and alcohol consumption are stronger on drunk-driving crashes than on all crashes. The findings do not vary much across different demographic groups. Overall, gasoline prices have greater effects on less severe drunk-driving crashes and alcohol consumption has greater effects on more severe drunk-driving crashes.
Discussion
The main findings are discussed in this subsection. For drunkdriving crashes, gasoline prices have effects on PDO crashes but not on fatal and injury crashes. The fact that gasoline prices have greater effects on less severe crashes may be because higher gasoline prices are more likely to deter lighter drinkers from drunk driving. Lighter drinkers are more likely to be involved in less severe crashes but less likely to be involved in fatal and injury crashes. In contrast, higher gasoline prices are less likely to deter heavier drinkers from drunk driving, as heavier drinkers are less likely to change driving behaviors due to gasoline price changes and may even drink more in response to economic stress. Therefore, gasoline prices have greater effects on PDO crashes but little effects on fatal and injury crashes.
Alcohol consumption has greater effects on fatal and injury crashes than on PDO crashes, and the effects decrease as the crash severity decreases. This may be due to the fact that the change in alcohol consumption is mainly caused by changes in alcohol consumption among existing drinkers rather than among individuals moving into drinking behaviors (Ruhm and Black, 2002) . Higher alcohol consumption levels increase the likelihood of drivers being involved in more severe crashes. In addition, unemployment rates generally have moderately positive effects on drunk-driving crashes. Higher unemployment rates, which often occur in economic downturn, are associated with increases in alcohol consumption, especially in the form of binge drinking (Dee, 2001) .
The effects of gasoline prices and alcohol consumption are stronger on drunk-driving crashes than on all crashes. The increase in gasoline prices likely reduces expenditures for alcohol consumption (Meyer, 2004) , which in turn reduces drunk-driving crashes. However, essential travel like driving to work is less likely to be affected by gasoline price changes. Thus, gasoline price effects on drunk-driving crashes (typically not made on work commutes) are stronger than on all crashes. Alcohol consumption has greater effects on drunk-driving crashes than on all crashes because it is generally a direct causal factor in drunk-driving crashes.
Limitations and future research
The results of this study are limited by the small number of observations (only 57 months in one state). Future research could use a longer time period covering both economic growth and recession. Also, this study is focused on only the state of Mississippi, a rural southern state in the U.S. Future research could examine other geographic areas, such as northern or western states or metropolitan areas. Doing so would provide a more comprehensive understanding of gasoline price effects on drunk-driving crashes. 
